However, irregular and insufficient sleep can cause daytime drowsiness and a lack of concentration, reduced quality of life, and a decline in performance. For example, Belenky [6] has indicated that once chronic sleep insufficiency affects performance, complete recovery is difficult even if adequate sleep was secured for three consecutive nights. When chronic sleep insufficiency gradually accumulates in an individual, performance is drastically reduced even if sleepiness is not felt. Lack of sleep and insomnia also cause mental disorders. Kaneita's study [7] on 24,686 Japanese adults ascertained that sleep duration of less than six h and more than eight h was associated with symptoms of depression. Sleep deficiency can affect physical health as well. Gangwish [8] found that subjects who slept less than four hours were 73% more obese than those who slept more than seven h. Tochikubo [9] reported a high blood pressure throughout the day in subjects who had only 3-4 h of sleep the previous night. Knutsona [10] demonstrated that one week of sleep insufficiency caused impaired glucose tolerance because of a decline in insulin sensitivity levels. Therefore, adequate sleep is important not only for performing normal daytime activities efficiently, but also for good physical and mental health.
University students often have erratic schedules that cause irregular sleep patterns. Kang [11] suggested that students with an irregular bedtime schedule might experience poor sleep quality. In addition, Buboltz [12] investigated that poor sleep habits might become a self-perpetuating cycle that students are unaware of and might be unable to alter. Chang [13] conducted a follow-up study on 1053 male university graduates for 34 years. Of these, 103 developed depression, and the risk of depression in those who had insomnia during their university days was twice as high as that in subjects who did not. Therefore, it has been suggested that poor sleep habits at a young age could have an effect on sleep habits in middle age in the same individual, and that sleep habits are not shortterm but rather long-term factors.
When evaluating sleep, we tend to emphasize the number of hours (i.e., the quantity of sleep). However, maintaining a regular and sound sleep cycle are also important factors. Hayashi [14] stated that sleep habits could be measured in three dimensions (i.e., regularity, quality and quantity). In an earlier study, Takeuchi [15] identified these three factors of sleep from the Tokyo Metropolitan Institute for Neuroscience life habits inventory (TMIN-LHI) and classified sleep habits on the basis of these factors. Takeuchi's analysis takes into account not only the quantity of sleep but also examines other perspectives, by which the issue can be more comprehensively understood. Minimizing hidden perspectives in this way provided a better understanding of the sleep habits of university students. However, no physical or mental data were investigated in that study, so the relationship between health condition and sleep habits was ambiguous. University students often have physical and mental problems besides sleep disorders [16] . In this study, we used Takeuchi's method to compare the physical and mental condition of university students in order to clarify the effects of certain factors that cause differences in sleep habits. In addition, because sleep habits differ between sexes [17] , we restricted our study to males in order to obtain a more exact analysis. Therefore, we investigated sleep habits (sleep hygiene) in male university students for the purpose of demonstrating the association between sleep habits and physical and mental health.
MATERIALS AND METHODS

Study subjects and duration
The subjects of this study were male students of Kurume University (18-29 years; average age: mean ± standard deviation (SD), 19.4±1.8 years). None of the subjects had any physical or mental disease and none were on regular medication. In addition, obesity can cause secondary sleep disturbances because of sleep apnea syndrome. Therefore, a body mass index (BMI) of 18.5 to 24.9 was set as an inclusion factor for this study. In total, 90 students were included in this study, which was carried out in June 2010. There were no aggravating circumstances such as examinations or long breaks before or after the testing day.
Questionnaires
We used the TMIN-LHI, which is a detailed questionnaire comprising two sections. The first section includes 60 questions based on sleep habits and other lifestyle issues. The second section is a MorningnessEveningness (ME) questionnaire created by Horne and Ostberg [18] and translated into Japanese by Ishihara [19] . It comprises 19 items. We calculated the ME score for our subjects on the basis of their grade slips.
Preparation of the sleep habits scale and classification of subjects
Selected Items
From TMIN-LHI, 26 of 60 items from section 1 were excluded. These were nominal items or the items targeting certain people who offered a specific answer, and had large ceiling or floor effects. We eventually SLEEP PROBLEMS OF UNIVERSITY STUDENTS conducted a factor analysis with 35 items (i.e., the remaining 34 items from section 1 and the ME score from section 2).
Factor Analysis
We extracted factors by principal factor analysis and ran a promax rotation. Three factors were chosen on the basis of scree plot. The characteristic values were 6.120, 3.030 and 2.591 respectively, and the cumulative percentage was 33.5%.
Following analysis of the 35 items from the TMIN-LHI, which was done five times, 18 items were excluded. The remaining 17 items had factor loadings of ≧0. 35 . The explanatory power was 53.4% and the accumulated contribution rate was 46.0%. The confidence coefficients (α) of the three factors were 0.878, 0.683, and 0.670 for the first, second and third factor, respectively.
The three factors focused on in this study are described in Table 1 along with their factor loadings. The first factor comprised 8 items: regular bedtime, regular wake-up time, irregular bedtime, irregular wake-up time, ME score, irregular sleep duration, breakfast habits, and exercise habits. This regularity factor along with its items was named the related Sleep Regularity scale. The second factor comprised 5 items: difficulty of sleep latency, time to fall asleep, mood on waking up in the morning, depth of sleep and experience of insomnia. This quality factor along with its items was named the related Sleep Quality scale. The third factor comprised 5 items: regular sleep duration, ideal sleep duration, regular wake-up time, value attached to sleep and time spent in commuting. This quantity factor along with its items was named the related Sleep Quantity scale.
Principal Component Analysis
Eight items from the first factor, five from the second factor and five from the third factor were subjected to principal component analysis, and each factor was given a standard score. We created a sleep habits scale by assuming the first score to be a scale score. The average score was initially fixed at 0. In the related Sleep Regularity scale, a positive score indicated mostly regular sleep habits and a negative score indicated mostly irregular sleep habits. In the related Sleep Quality scale, a positive score indicated a more sound sleep and a negative score indicated a very disturbed sleep. In the related Sleep Quantity scale, a positive score indicated longer sleep duration and more active procurement of sleep, and a negative score indicated shorter sleeping hours and more passive procurement of sleep.
Classifying Subjects
The Ward method of cluster analysis was selected for classifying the subjects on the basis of principal component score for each factor. Four clusters were determined because they were the most balanced and the clearest following the dendrogram.
Physical factors
The subjects were instructed to measure their own height and weight. Waist circumference was measured at the umbilical region by members of the same study staff. The subjects also measured their own resting blood pressure and pulse with an automatic manometer (BP-203RV Type C, Nippon Colin, Tokyo, Japan) in a sitting position. If systolic blood pressure was ≧130 mmHg or diastolic blood pressure was ≧85 mmHg, subjects measured their blood pressure again. In the event that the second blood pressure measurement was unacceptable, the study staff measured it with a mercurial column manometer.
Mental health
We evaluated mental health using the Japanese version of the Social Functioning-36 (SF-36) [20] [21] [22] short-form health survey and Japanese version of the Self-rating Depression Scale (SDS) [23] .
The Japanese version of the SF-36, which was developed by Fukuhara [20] [21] [22] , is a general scale used to measure quality of life over a one-month period. All items are scaled, and the higher the scores, the better the quality of life. Physical component summary (PCS) and mental component summary (MCS) were derived from the SF-36: physical functioning, role physical, bodily pain, general health perceptions, vitality, social functioning, role emotional, and mental health. PCS score and MCS score can be compared to national standard values directly (50=national standard score). Furthermore, we can evaluate physical quality of life (QOL) from PCS and mental QOL from MCS in a comprehensive manner.
Zung [24, 25] developed SDS as simple test to assess depression, and Fukuda translated it into Japanese [23] . It comprises 20 items, all graded according to four ranks of 1-4 points each. We used an integrated scoring system as follows: ≦39 points indicated normal mental health, 40-49 points indicated slight depression, and ≧50 points indicated moderate depression.
Blood tests
Blood samples were taken and fasting blood sugar (FBS), immunoreactive insulin levels, high-density cholesterol (HDL-C), low-density cholesterol (LDL-C), leptin, des-acyl ghrelin, and high molecular weight adiponectin (HMW-adiponectin) were measured. In addition, the homeostasis model of assessment-insulin resistance (HOMA-IR) was calculated from FBS and immunoreactive insulin values; HOMA-IR= (immunoreactive insulin×FBS)/405 [26] .
Statistical analysis and software
The mean and SD values of each item were expressed as mean ± SD. Shapiro-Wilk test was used as the normality test. If the item showed a normal distribution, one-way analysis of variance (ANOVA) and Tukey's honestly significant difference (HSD) tests were used as parametric tests. In the event that the item did not have a normal distribution, the KruskalWallis H test and Scheffe test were used as nonparametric tests. We used SPSS15.0J Base System SC Kitsoftware and set the significance level at p<0.05.
Ethical concerns
Prior to enrollment, subjects were informed about the purpose and method of this study, following which they asked to sign written informed consent forms. If the subjects were minors, we obtained their parents' approval. We ensured that no one of the subjects would be pressured or harmed because of nonparticipation. Personal data were strictly monitored to maintain confidentiality and to protect the privacy of subjects. This study was approved by the Kurume University Mii Campus Ethical Review Board. Figure 1 illustrates the four categories of sleep habits with the mean and SD of each scale score. The first type was the most regular and sound sleep, but there was a slight tendency towards shorter sleep duration. It was termed the "good sleep" type. The second type was somewhat regular and characterized by insomnia and longer sleeping period. It was called "long sleep" type. The third type was somewhat irregular but sound sleep and was characterized by the shortest sleep duration among all subjects. It was called "short sleep" type. The fourth type was the most irregular and was characterized by extreme insomnia and long sleep duration. It was referred to as the "poor sleep" type.
RESULTS
Characteristics of each type of sleep habits
The upper section of 
Physical characteristics of subjects
The middle section of Table 2 describes the physi- Good sleep was the most regular and sound sleep, but there was a slight tendency towards shorter sleep duration. Long sleep was somewhat regular and characterized by insomnia and longer sleeping period. Short sleep was somewhat irregular but sound sleep and was characterized by the shortest sleep duration. Poor sleep was the most irregular and was characterized by extreme insomnia and long sleep duration. However, no significant differences were observed in age or BMI among the subjects. Figure 2 shows data for the four types of sleep habits based on responses to PCS and MCS of SF-36. While PCS scores of all groups were higher than the national standard value (≧50), MCS scores of two groups (i.e., long sleep and poor sleep) were lower than the national average. There was a significant difference in MCS but no significant difference in PCS among the subjects. Scores for poor sleep were significantly lower than for the other types of sleep with regard to MCS (vs. good sleep: p<0.001, vs. long sleep: p<0.05, vs. short sleep: p<0.01). Figure 3 shows data for the four types of sleep habits based on responses to SDS. Scores for poor sleep were significantly higher than those for the other types of sleep (vs. good sleep: p<0.001, vs. long sleep: p<0.05, vs. short sleep: p<0.05).
Mental health of subjects
Blood test results
The bottom section of Table 2 lists the results of blood tests for each group. There were significant differences in FBS (no difference in multiple comparison), HDL-C (long sleep vs. short sleep: p<0.05), and leptin (good sleep vs. short sleep: p<0.05), but no significant differences in immunoreactive insulin levels, HOMA-IR, LDL-C, des-acyl ghrelin, and HMW- 
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adiponectin among the subjects.
DISCUSSION
Methodology
The purpose of this study was to measure the impact of different sleep habits (sleep hygiene) on physical and mental health in a cohort of 90 male university students by classifying sleep habits. We developed comprehensive scales that described sleep regularity, quality, and quantity by factor analysis and principal component analysis. Cluster analysis was then employed to classify the sleep habits these students into four groups. Measures of sleep habits must consider not only the number of hours slept (quantity), but must also account for regularity and quality of sleep to While PCS scores of all groups were higher than national standard value (≧50), MCS scores of long sleep and poor sleep were lower than it. Scores for poor sleep were significantly lower than for the other types of sleep with regard to MCS. clearly identify those facets of sleep patterns that most influence mental and physical health. Takeuchi [15] classified sleep habits on the basis of all three factors, and this method proved to be more precise than methods that only evaluated single factors such as sleep duration. We investigated the physical and mental health of the present subjects after classifying sleep habits by means of Takeuchi's comprehensive scoring method. Our analysis underscores the importance of measuring all three dimensions to establish a consistent relation between sleep habits and physical and mental health.
Interpretation of each type of sleep habits
Good sleep is defined by consistent and normal sleep duration. Those subjects in the good sleep group kept very early hours and scored higher in Morningness. Daily changes of sleep duration, bedtime, and wakeup time were quite small. They also fell asleep easily. Good sleep is the exemplary sleeping pattern. In long sleep subjects, regular bedtimes were normal and regular, but regular wake-up time was later. In addition, both usual and ideal sleep durations were longer than the average. In other words, this group preferred to rise later. They fell asleep with difficulty and had lower quality sleep; that may cause them to oversleep. In the short sleep group, regular bedtimes were later and regular wake-up times were earlier. While this group fell asleep easily, they had irregular sleep habits. They preferred to stay up late and were less concerned about sleep because their ideal sleep duration was shorter than that of any of the other groups. These factors could be expected to result in short sleeping times. Subjects in the poor sleep group seemingly got plenty of sleep according to regular sleep duration, but sleep regularity was poor, and these subjects found it difficult to fall asleep. In addition, their ideal sleep duration was longer than that of any of the other groups. This group may lack sufficient sleep due to chronic insomnia.
In Takeuchi's study [15] , several extracted sleep habits were similar to sleep disorders defined by the American Sleep Disorders Association (ASDA), including sleep deficit syndrome, circadian rhythm disorder, and delayed sleep phase syndrome. In the current study, both short and poor sleep subjects had lower than average total scale scores, indicating problematic sleep habits. Short sleep was similar to sleep deficit syndrome as defined by the ASDA in that there was a large gap between actual and ideal sleep durations. In contrast, poor sleep resembled exogenous circadian rhythm disorders such as jet lag. A change in time zone of over three hours causes jet lag with disturbance of sleep induction [27] . The sleep habits of subjects with poor sleep appeared similar to those of daily travelers suffering from jet lag. If the subjects in the poor sleep group graduate from university with the same sleep habits, they might not be able to conform to regular office hours. Thus, they should receive therapy to correct irregular lifestyle habits and to manage insomnia.
Physical characteristics of subjects
Lack of sleep may be linked to obesity due to increased food consumption [8] . There was a significant difference in average waist circumference between the short and the good sleep groups. However, the good sleep group had the second shortest average sleep duration; thus, shorter sleep duration alone does not lead to weight gain. If individuals continue to sleep for irregular hours and have an inconsistent circadian rhythm, the clock gene begins to express abnormalities, which may lead to easy accumulation of visceral fat [28, 29] . Therefore, it is suggested that people with irregular as well as short sleep habits, like the short sleep group in this study, may be prone to visceral fat obesity even if their age and BMI are similar to individuals with good sleep habits.
There were significant differences in blood pressure and pulse between the poor and good sleep groups. Ishii [30] demonstrated that irregular sleep habits could disrupt autonomic nervous system function leading to hypertension and rapid pulse. In addition, Javaheri [31] reported that sleep disturbance could cause hypertension even in young healthy men without arteriosclerosis such as the poor sleep subjects in this study. Extremely irregular sleep habits with insomnia, as exhibited by the poor sleep group, may increase blood pressure and pulse due to an autonomic disorder.
Mental health of subjects
Apropos of the relationship between sleep and mental disease, insomnia and depression are often associated with poor sleep habits. Predictably, poor sleep, the type for which the related Sleep Quality scores were extremely low, indicated the worst mental condition. With respect to MCS measured on the basis of SF-36 and SDS scores, subjects in the poor sleep group had very bad scores that were significantly poorer than the scores of subjects of any other sleep type. SDS scores in this group were ≧40, which is considered to reflect a state of neurosis. People who have sleep habits like those in the poor sleep group are therefore prone to depression. The mental condition of subjects in the long sleep group, whose related Sleep Quality scores were second-lowest after those in the poor sleep SLEEP PROBLEMS OF UNIVERSITY STUDENTS group, was also lower than national standard value in MCS in spite of surpassing that of subjects in the short sleep group whose total sleep habits scale score was far worse.
The timing of onset of depression and insomnia has not been sufficiently investigated. However, according to Ohayan [32] , insomnia often precedes depression. Furthermore, for people who suffer from insomnia for more than one year, the risk of depression can be 40 times greater than that in those without insomnia [33] . It is important, therefore, that the symptoms observed in the poor sleep group of this study should be immediately resolved, and people whose sleep habits fall into the long sleep category should also be concerned about the relation between their sleep habits and mental condition.
Blood test results
Of the saccharometabolism items (FBS, immunoreactive insulin, and HOMA-IR), only FBS showed a significant difference among subjects with the four types of sleep habits. However, for all three items, the good sleep group had the lowest values and the poor sleep group showed the highest values. As mentioned above, an inconsistent circadian rhythm because of irregular sleep habits leads to abnormalities in the clock gene, which in turn may lead to visceral fat accumulation [28, 29] . Eventually, insulin resistance and impaired glucose tolerance can also result.
Of the lipometabolism items (HDL-C and LDL-C), only HDL-C showed a significant difference between long sleep and short sleep. While subjects in the good sleep and short sleep groups had high levels of HDL-C, those in the long sleep and poor sleep groups had low levels of HDL-C. It has been suggested that deterioration in sleep quality and hypersomnia play a role in decreasing HDL-C. Contrary to our result, however, Bjorvatn [34] reported that sleep of short duration decreased HDL-C. This point, therefore, needs further study and consideration.
In the blood tests for leptin, des-acyl ghrelin, and HMW-adiponectin, only leptin showed a significant difference among subjects with the four types of sleep habits. Leptin and des-acyl ghrelin are appestat factors that are influenced by sleep. Sleep of short duration decreases leptin and increases des-acyl ghrelin, which in turn can bring about obesity due to enhanced appetite [35] . We predicted that leptin would decrease and desacyl ghrelin would increase in the short sleep and poor sleep groups. However, there was no difference in desacyl ghrelin, and leptin increased in subjects in the short sleep group. There was a significant difference in circulating leptin between the short and good sleep groups. Leptin levels often increase with obesity because increased visceral fat leads to leptin resistance [36] . Visceral fat accumulation resulting from a chronic lack of sleep and irregular sleep habits might cause leptin resistance. Most previous studies were shortterm (i.e., they analyzed acute sleep insufficiency). The effects of long-term sleep habits have not been adequately considered. Other studies analyzed only sleep duration and not regularity and quality. Therefore, it has been suggested that irregular as well as short sleep habits over the long-term, like short sleep in this study, cause leptin resistance and a compensatory increase in leptin.
In this study, there was no significant difference in HMW-adiponectin between groups. However, HMWadiponectin levels were highest in the good sleep group and lowest in the poor sleep group. Few studies have reported the relationship between adiponectin and sleep. There is a possibility that the small number of subjects in our study prevented us from finding a significant difference for this parameter. Therefore, the relationship between adiponectin and sleep requires further analysis with a larger study sample.
The limitations of this study include the inclusion of males only and the relatively small sample population. Triglyceride, which is one of the diagnostic criteria of metabolic syndrome, was not measured, so we were unable to estimate the relation between sleep habits and metabolic syndrome. We also did not ask about club activities and part-time jobs, factors which could impact regularity of sleep. In addition, TMIN-LHI is a not scale for scoring but a simply questionnaire, and is not subject to validation. Finally, the analyses in this study have a variability related to the subjects. University students have unique lifestyles and sleep habits compared to the general population, and their sleep characteristics may differ from those in heterogeneous subjects like general members of society or the aged.
CONCLUSION
We found significant differences in certain physical characteristics, mental health, and blood test results among four different sleep habit groups in male university students. Although all subjects in this study were young men with normal BMI, irregular sleep habits caused increases in waist circumference, blood pressure, and pulse, and impaired saccharometabolism and lipometabolism even if sleep duration was kept constant. In addition, the mental condition of subjects with poor quality sleep was not as good as that of sub-jects with good quality sleep. It is important to gain a comprehensive understanding of sleep habits in order to maintain good physical and mental health among male university students. Further studies to validate these scales may be required in the fields of sleep medicine and preventive medicine.
